Current public health guidance recommends that older adults undertake at least 150 min·wk^−1^ of moderate-to-vigorous physical activity (MVPA) ([@R6]), along with muscle-strengthening activities at least twice per week. However, it is possible to meet these guidelines and still spend most of the time sedentary ([@R4]).

Sedentary behavior encapsulates time spent sitting or lying during wakeful hours, when energy expenditure is at or just above the basal metabolic rate (≤1.5 METs) ([@R30]). It has been proposed as an independent risk factor for poor health and has been associated with obesity, increased cardiometabolic risk, and mortality, independent of time spent in MVPA ([@R36]). These associations have been reported using both measures of total sitting time and measures of specific sedentary behaviors ([@R21],[@R40]). Television (TV) watching in particular, a sedentary behavior reported by a large proportion of adults across all age groups and with high daily exposure ([@R19]), has been examined extensively. However, few studies have considered the potential effect of either overall sitting or specific sedentary behaviors on muscle strength and physical performance or "physical capability," even though the disuse muscle atrophy associated with prolonged bed rest is familiar ([@R23]).

Objective markers of physical capability include grip strength, a correlate of general muscle strength, and performance measures such as usual walking speed (UWS). Maintenance of physical capability is an important part of healthy aging, and conditions associated with loss of physical capability, such as sarcopenia and frailty, are significant causes of late-life morbidity ([@R5],[@R8],[@R9]). Proposed interventions for sarcopenia include resistance exercise training, and its benefits are well established ([@R27]). However, not all older people are able to engage in such interventional exercise programs, and smaller changes to everyday lifestyle that may positively affect functional health should be explored.

To date, there is limited evidence on the association between overall sitting or specific sedentary behaviors such as TV watching and physical capability. Increased sedentary time, measured objectively using accelerometry, has been associated with reduced self-reported physical function in two cross-sectional studies on older adults, independent of time spent in MVPA ([@R2],[@R12]). Longer total sitting time was also associated with worse self-reported physical functional health in a longitudinal study on women ([@R31]). Fewer studies have considered objectively measured physical capability, but two cross-sectional reports have associated lower physical capability with increased total sedentary time and TV viewing time ([@R14],[@R28]).

To our knowledge, however, no studies have reported relations between prospectively measured TV viewing and objective measures of physical capability. Therefore, we examined the relation between TV viewing time, measured over a 10-yr exposure period, and current UWS and grip strength in men and women from a British prospective cohort study.

METHODS
=======

### Participants and study setting

The European Prospective Investigation of Cancer (EPIC)---Norfolk study recruited community-based men and women age 40--74 yr from general practice registers in and around Norwich, United Kingdom. A baseline health examination was completed by 25,639 people (1HC, 1993--1997), and participants have attended two further health examinations (2HC, 1998--2000; 3HC, 2006--2011) and answered detailed health and lifestyle questionnaires. Descriptions of the study design, follow-up, and representativeness of the cohort have been published elsewhere ([@R18]). All participants gave a written informed consent, and the study was approved by the Norfolk Local Research Ethics Committee and the East Norfolk and Waveney National Health Service Research Governance Committee.

At the 3HC, 8623 participants (now age 48--92 yr) attended a central research clinic and underwent tests of muscle strength and physical performance.

### TV viewing time

Participants answered a question on TV viewing behavior contained within a physical activity questionnaire (EPAQ2) ([@R38]) administered during the 3HC (2006--2007) and earlier during the 2HC (1998--2000). Only participants who had completed the EPAQ2 at the 2HC were resurveyed. Participants were asked to estimate the "hours of TV or video watched per day" and ticked the most appropriate response category (\<1, 1--2, 2--3, 3--4, and \>4 h·d^−1^) for a weekday before and after 6:00 p.m. and a weekend day before and after 6:00 p.m. Scores were summated and divided by seven to estimate daily TV viewing time.

Exactly the same question was asked at both time points, allowing TV viewing time during the 2HC and 3HC to be estimated and also an average of the two measures to be calculated, henceforth termed average TV viewing time. TV viewing time shows high repeatability (Cohen weighted kappa: men, 0.71; women, 0.74 ([@R38])), is valid for ranking individuals with respect to objective physical activity measures ([@R38]), and has previously been independently associated with mortality ([@R40]) and incident cardiovascular diseases ([@R39]). TV viewing time at the 2HC and 3HC was highly correlated (Spearman rho: men, 0.72; women, 0.73), and average TV viewing time represented average exposure over the 10 yr preceding measurement of physical capability.

### Physical capability measures

Measurements were made by trained research nurses, following standardized protocols ([@R22]). Grip strength was measured using a Smedley dynamometer (Scandidact, Kvistgaard, Denmark). Participants were allowed two trials with each hand, and the maximum strength (kg) recorded was used in analyses. The test was conducted, holding the dynamometer while standing or sitting if necessary, with the forearm held out in front.

UWS was estimated from the time taken to walk along a 4-m course using walking aids if necessary. Two timed walks were conducted, and the average time taken was used to estimate walking speed (cm·s^−1^).

### Covariables

Total physical activity energy expenditure (PAEE) was measured using the EPAQ2 questionnaire, which asked about usual activity at home, work, during travel to and from work, and during leisure time over the past year. Time spent in each activity (h·wk^−1^) was multiplied the activity's metabolic cost (MET), and scores were summated and divided by seven to represent average daily PAEE ([@R38]). Correlations between daily PAEE and TV viewing time were weak (Spearman rho: men = −0.16, *P* \< 0.001; women = −0.15, *P* \< 0.001).

Participants also completed a general health and lifestyle questionnaire (follow-up 4), which was mailed to participants with their 3HC invitation and asked, "Do you currently smoke cigarettes?" and "If you have stopped smoking, how old were you when you gave up?" In addition, the questionnaire asked, "In general, would you say you (and your family living with you) have enough money, just enough money, or not enough money?" Participants were categorized accordingly as current smokers, ex-smokers, or never smoked and those with more than enough, just enough, or not enough money. Participants also self-reported their alcohol consumption (units per week).

At the 3HC clinic appointment, weight was measured to the nearest 0.1 kg using digital scales (Tanita) and height was measured to the nearest 0.1 cm using a stadiometer (Chasmores, United Kingdom).

Comorbidity was estimated using information obtained since the study's inception up to the 3HC visit. At baseline and during the 2HC, participants self-reported comorbidity. This information was combined with incident data over the follow-up period, captured through record linkage with hospital episode statistics, to estimate whether participants had ever experienced a stroke, cancer, diabetes and/or myocardial infarction. Comorbidity was included as a binary variable in analyses (yes/no).

### Statistical analyses

Participants were described by category of average TV viewing time (\<2, 2 \< 3, 3 \< 4, ≥4 h·d^−1^) using means (standard deviation \[SD\]), medians (interquartile range (IQR)), and frequencies (% (*n*)). Differences across TV time categories were evaluated using one-way ANOVA, Kruskal--Wallis, and chi-square tests.

Associations between average TV viewing time category and physical capability were explored using linear regression because grip strength and UWS were normally distributed. The highest category (≥4 h·d^−1^) was used as the referent category, so that regression coefficients (presented with 95% confidence intervals (CI)) represented the differences in UWS and maximum grip strength associated with less time spent watching TV. Analyses were repeated using TV viewing time measured at the 3HC and 2HC in separate models.

In addition, differences in physical capability per extra hour of average TV viewing time were evaluated.

Potential confounders were identified *a priori* from existing literature. All analyses were adjusted for age (model A). Subsequently, adjustments for comorbidity, alcohol intake, smoking status, current wealth, height, and weight (representing body size and composition) were made (model B). Lean mass and adiposity are important determinants of physical capability ([@R16],[@R29]), and strong associations have been observed between TV viewing time and obesity ([@R20]). Adjustment was made for current wealth because socioeconomic position (SEP) is an important determinant of TV viewing time ([@R32]), but measures of SEP such as occupational social class and educational level are less consistently associated with muscle function than current wealth ([@R26],[@R34]). Final models were also adjusted for PAEE to establish whether associations were independent of physical activity (model C).

Sex-specific analyses were performed first because TV viewing time has been associated differently with health outcomes in men compared with those in women ([@R7],[@R35]), physical capability (particularly muscle strength) differs between sexes ([@R22]), and others have undertaken sex-stratified analyses ([@R14]). Analyses were combined if no sex--TV viewing time interactions were identified. Stata 12.0 was used for all analyses (StataCorp LP, College Station, TX).

### Supplementary analyses

Associations between average TV viewing time and physical capability (grip strength and UWS) were evaluated after excluding those with comorbid disease at the 3HC.

Associations between average TV viewing time and timed chair stands (TCS) performance (time taken to perform five chair stands (s)) were also explored. This is a proxy measure for lower limb muscle strength, and 5368 participants with TV viewing time measurements were able to undertake this assessment (718 participants were unable to perform the test). The natural logarithm of TCS performance was used in analyses because the performance times were not normally distributed.

RESULTS
=======

Of the 8623 participants who attended the 3HC, 6086 answered questions on TV viewing time. Those who did not were younger, more likely to be men, stronger (men), and heavier (see Table, Supplemental Digital Content 1, <http://links.lww.com/MSS/A432>, Men and women who attended the 3HC of EPIC Norfolk and had information on TV viewing time (measured at both 3HC and 2HC) compared with those who did not).

For those participants with TV viewing time, data were missing in some participants for height (*n* = 6), weight (*n* = 1), alcohol intake (*n* = 216), smoking status (*n* = 82), and current wealth (*n* = 329). Missing covariable data were more likely among women (*P* \> 0.001), and those with missing data were older (men: 73.3 yr (SD, 7.8) vs 69.9 yr (SD, 8.1), *P* \< 0.001; women: 70.4 yr (SD, 7.9) vs 68.2 yr (SD, 8.0), *P* \< 0.001). A small number of participants without the relevant physical capability measurement were also excluded from respective analyses (grip strength, *n* = 102; UWS, *n* = 67).

Men and women included in this study watched TV for 2.8 h·d^−1^ (SD, 1.3) and 2.9 h·d^−1^ (SD, 1.4), respectively, at the 2HC, 3.3 h·d^−1^ (SD, 1.5) and 3.4 h·d^−1^ (SD, 1.6) at the 3HC, and 3.0 h·d^−1^ (SD, 1.3) and 3.1 h·d^−1^ (SD, 1.4) on average over the 10-yr follow-up period. Those who watched more TV were older, heavier, smokers, less wealthy, consumed less alcohol, undertook less physical activity, and had greater comorbidity (Table [1](#T1){ref-type="table"}).

###### 

The characteristics of men and women at the 3HC by average TV viewing time category.
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### UWS

Men and women who watched \<2 h·d^−1^ of TV on average over the preceding 10 yr walked 4.09 and 4.34 cm·s^−1^ faster than those who watched for ≥4 h·d^−1^ (men: 95% CI, 1.45--6.74; women: 95% CI, 2.05--6.64), after multivariable adjustment (model C) (Table [2](#T2){ref-type="table"}). There were significant trends across average TV viewing time categories, and every extra hour of average TV viewing time was associated with a decrease of 1.00 cm·s^−1^ and 1.44 cm·s^−1^ in UWS of men and women, respectively (men: 95% CI, 0.32--1.68; women, 95% CI, 0.87--2.02) (Table [3](#T3){ref-type="table"}).

###### 

TV viewing time and UWS.
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###### 

Differences in physical capability per extra hour of average daily TV viewing time.
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There was no evidence of sex--TV viewing time interaction (*P* = 0.09) (Table [3](#T3){ref-type="table"}). Therefore, men and women were considered together and UWS was 4.29 cm·s^−1^ faster (95% CI, 2.56--6.03) in participants who watched the least TV on average compared with that in participants who watched the most, after multivariable adjustment. A dose--response association was also evident (*P*~trend~ \< 0.001) (Fig. [1](#F1){ref-type="fig"}a).

![Mean UWS (A) and maximum grip strength (B) of participants by category of average TV viewing time over 10 yr of follow-up. Least square mean values were adjusted for sex, age, height, weight, physical activity (MET·h·d^−1^), current wealth (more than enough money, enough money, or not enough money), presence of comorbidity (prevalent cancer, myocardial infarction, diabetes, and/or stroke: yes/no), smoking status (current smoker, former smoker, or never smoked) and alcohol intake (units per week) at the 3HC. *Bars* indicate 95% CI.](mss-47-735-g004){#F1}

Similar and consistent trends were seen between TV viewing time measured at either the 2HC or 3HC and UWS (Table [2](#T2){ref-type="table"}).

### Grip strength

Average TV viewing time was not associated with grip strength in men, and only a weak association was observed in women (Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). Women who watched TV for \<2 h·d^−1^ on average were 0.62 kg stronger than those who watched for ≥4 h·d^−1^ (95% CI, 0.11--1.12), after multivariable adjustment (model C) (Table [4](#T4){ref-type="table"}). There was significant trend across average TV viewing time categories, and for every extra hour of average TV viewing time, grip strength decreased by 0.21 kg (95% CI, 0.08--0.34) (Table [3](#T3){ref-type="table"}).

###### 

TV viewing time and maximum grip strength.
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Despite the suggestion of differences between sexes, there was no statistical evidence of interaction between sex and average TV viewing time (*P* = 0.28) (Table [3](#T3){ref-type="table"}) and the differences in grip strength across TV viewing time categories in women were small. In analyses considering men and women together, no overall association was observed (Fig. [1](#F1){ref-type="fig"}b).

Similarly, there were no consistent or strong associations between grip strength and TV viewing time measured at either the 2HC or 3HC (Table [4](#T4){ref-type="table"}).

### Supplementary analyses

Associations between average TV viewing time and both UWS and grip strength were reexamined after excluding 1019 participants with at least one comorbid disease. The results did not change our conclusions. UWS was 4.76 cm·s^−1^ (95% CI, 2.85--6.68) faster in participants (*n* = 4566, both sexes combined) who watched the least TV on average over the previous 10 yr compared with that in participants who watched the most, with linear increase in UWS associated with decreasing TV viewing time (*P*~trend~ \< 0.001). No associations with grip strength were observed (*n* = 4531, both sexes combined; *P*~trend~ = 0.97).

No associations between TCS and average TV viewing time were observed (see Table, Supplemental Digital Content 2, <http://links.lww.com/MSS/A433>, Difference in TCS performance (%) by category of average TV viewing time (measured using the EPAQ2 administered during the 2HC and 3HC)).

DISCUSSION
==========

TV watching is the most prevalent sedentary leisure time activity in the United Kingdom, with approximately one in three adults watching ≥4 h·d^−1^ ([@R19]). Associations between more time spent watching TV and several health outcomes such as obesity, the metabolic syndrome, diabetes, and mortality have been established ([@R15]). This has made sedentary behaviors such as TV viewing an attractive potential target for public health intervention, and the feasibility of reducing sedentary time in older adults, in whom TV viewing is even more prevalent ([@R19]) is already being tested ([@R11]).

However, few studies have considered the effect of sedentary behaviors, such as TV viewing, on physical capability despite the importance of maintaining physical functional health in later life. We observed that community-based older adults who spend the least time watching TV walk at a faster usual pace than those who watch the most TV. This association was observed in both men and women, with no evidence of effect modification by sex. Importantly, this association persisted when TV viewing time was measured 10 yr before UWS and after accounting for a range of covariables, including physical activity. Men and women who watched on average the least TV over the 10-yr exposure period walked 4 cm·s^−1^ faster than those who watched the most TV. This equates to 4-yr difference in age, on the basis of cross-sectional associations of UWS with age ([@R22]), and is likely to represent meaningful difference in functional health ([@R24]) particularly because walking speed has been proposed as the "sixth vital sign" of health ([@R10]).

Aging skeletal muscles are characterized by reduced myofiber numbers, size, and contractile function. Mechanisms driving these changes are likely to be multifactorial in origin ([@R25]), but sedentary behavior could play a part. The expressions of proteins involved in ubiquitin--proteasome pathways, which promote proteolysis and skeletal muscle cell atrophy, are up-regulated in rat models of sedentariness ([@R13]). In addition, time spent sitting or lying down is the only state associated with absence of muscle contractile activity ([@R15]), and other physiological consequences on muscle metabolism, distinct from the effects of exercise, have been identified ([@R1]). Thus, although we cannot conclusively establish causality, it is possible that sedentary behavior could affect muscle function.

However, strong and consistent associations between grip strength and TV viewing time were not observed. Isometric muscle strength encapsulates only one aspect of muscle function, and low performance may be present without low strength or *vice versa*, a concept acknowledged in working definitions of muscle conditions such as sarcopenia ([@R5]). In addition, limitations with our exposure measure and/or measure of muscle strength may have precluded associations being found. We could not evaluate associations between muscle strength and either the total amount of sedentary time or the pattern of sedentary behavior (e.g., fragmented vs continuous), which may be an important factor ([@R3]). In addition, differences in grip strength may not completely represent the variation in strength of other muscle groups, e.g., quadriceps, which may be more important for functional performance ([@R37]). We did consider associations between TV viewing time and TCS performance, a proxy measure for lower limb muscle strength, but again found no association. However, the least physically capable were unable to take part in the TCS test, truncating the range of performance captured, and it is not a direct measure of lower limb strength.

It should also be considered that TV viewing time does represent global sedentary behavior ([@R33]) and may be a marker of parameters other than "sitting." For example, TV watching may lead to unhealthier eating patterns ([@R17]) and TV viewing time is also highly correlated to many socioeconomic factors (SEP) ([@R32]). Although we were able to adjust for many confounding factors, residual confounding could still be important and others have suggested this as an explanation for associations between TV watching and health. For example, Hamer and Stamatakis ([@R14]) found different associations between grip strength and measures of sedentary behavior, depending on the context within which the "sedentariness" occurred. Internet usage (yes/no) was associated with stronger grip strength but more time spent watching TV with weaker grip strength, potentially indicating different confounding structures for both types of sedentary behavior. However, this measure of internet usage did not quantify the time spent in this activity, which could limit its usefulness as a marker of sedentariness.

Our study was limited by missing data for TV viewing time, and those participants without TV viewing time were comparatively younger and heavier with stronger grip strength (in men). This presents an unusual picture, with predictors of "missingness" including factors associated with good health. This is likely due to the contribution of a study design factor to the missing data. Several thousand participants who had decided not to take part in the 2HC but wished to remain in the study were invited to the 3HC. These participants had not completed the EPAQ2 administered during the 2HC and were additionally not resurveyed. It is difficult to anticipate the bias introduced by missing data, and our results must be considered in light of this limitation.

Our study had several strengths. Data were available for a large number of men and women from a wide age group who had been well characterized. In addition, the prospective design allowed measurement of the exposure at repeated intervals including 10 yr before assessment of physical capability. This reduces, although does not eliminate, concern over reverse causality because it is unlikely that current physical function could predict TV viewing behavior 10 yr earlier.

CONCLUSIONS
===========

TV viewing time was prospectively associated with UWS, a proposed vital sign of functional health, in community-based older adults. These findings may have a significant effect on public health policy ([@R6]). Other studies with prospective measures of total sitting time, or objective measures that allow estimation of the pattern of sedentary behavior, should further investigate relations between sedentariness and physical capability.
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